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(57) Abstract: A system for in-line heating of medical fluids sup- 
plied to a patient, comprising a container (2) of physiologic fluid 
to be infused into a patient and a flexible supply conduit (4; 31; 
34; 21) connected to said container (2) and terminating at one end 
with an infusion device (5), with an infrared light source (10) being 
connected at one end of a first optical cable (7; 37). Distributed con- 
verting means (8; 13; 23; 33) are provided at the other end of said 
optical cable (7; 37) for receiving the IR power from said source 
(10) and converting it into heat, and distributed heat exchanging 
means are further provided for progressively transferring said heat 
to the fluid to be infused that flows in said flexible tube to warm it. 
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"HEATING SYSTEM FOR «*BMXHG A PHTSXOIOGIC FLUID TO BE 
INFUSED INTO A PATIENT" 

Field of the Invention 

This invention is ^j- farming"! 

Si^<™^^ " hile the £luid 13 beins 

infused into a patient. 
H^r-v ground o f the Invention 

In numerous medical procedure, . it 
supply medical fluid to < . patient such^ ^ ^.^ 

ri°fd C s! S oo a tn ^operating" rooms and emergency wards. 


20 be warmed. 


. -~*e fall into two main categories, 
The warming devices fall ^ nto £ luid flowin g in a 
namely the in-line which heat fluid in a 

Kf^t^ff^^^^ in a separate dellvery 

system for supplying the patrent. 

de vir 0 r s^r *z£2T r ^ srv-ss ^ 

SO supplied to a patient. 

During surgery and 
iiguids and/or Wood are to ^^^«^^ cedu ? es , blood 
intravenous xnjectxon. For many g hypothe rmia and 

35 must often be warmed to pr «vent P ^ as £ 

Samprlen aTattent hemorrhages during surgery or rn 
emergency wards. 

Th e blood is usually stored at a^ut while ^he 

physiological and ^"ifji^ t he patient' s blood is 
temperature. During the £^° n ' an ™ \/ further cooled by 
mixed with the infusion Il j»; d8 .^ ent is often under 
these latter. Moreover ^J^^nism is unable to 
45 anhestesia or i^ n8 ";" ^^cSSnS to prevent a state 

cfin^a^ — haem ° rrhage ' 

50 cardiac rhythm, etc. 
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For accident victims or other emergency cases, the 
time required to warm blood for transfusion is often a 
critical factor, but on the other hand a quick warming or a 
5 locally excessive warming of the fluid can be very 
detrimental. 

Many approaches have been suggested for meeting the 
need of an effective and reliable apparatus for quickly 
10 warming (even large amounts of) medical fluids to. 
approximate body temperature. 

US-A-4 759 749 discloses a portable unit for heating 
physiological fluids using a disposable heat exchanger in 
15 which a fluid heated by an electric heating member 
circulates. 

US-A-4 532 414 discloses an in-line fluid warmer for 
heating parenteral fluids, particularly blood, supplied 
20 from a fluid container through a flexible supply conduit, 
including an enclosure containing a heated plate having a 
sinuously-shaped groove configured to accept and hold a 
length of the supply conduit in heat transfer relationship 
with the plate. 

25 

US-A-4 038 519 discloses a flexible tube incorporating 
resistance heating conductors for warming the blood flowing 
in the tube. 

30 The use of microwaves for warming fluids to be 

supplied to a patient has been known for both batch warmers 
and in-line warmers. More precisely U.S Pat. No. 3,963,892 
of Camph et al issued Jun. 15, 1976 shows in-line heating 
by microwaves of blood being passed from a container to a 

35 patient. 

EP-A-307 895 suggest to use microwaves for local 
heating of blood or plasma contained in a bag, and US-A- 5 
180 896 provides a source of electromagnetic radiation for 
40 warming the fluid passing in a heating zone of a housing. 

US-A-5 180 896 discloses a system in which microwaves 
are used for warming the fluid and the temperature of such 
fluid is sensed by receiving infrared energy from the 
45 medical fluid as it flows within a sterile and disposable 
tube from a fluid source to a patient. 

The known apparatuses have several drawbacks such as 
complicate arrangements, the need of an additional fluid as 
50 a heat exchanger, or the use of electrical devices in 
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i-h* fluid to be infused, with this 

Moreover most of the known *^ m m J» t t £*£? i £ 
5 maintaining the fluid temper M *% l0 P ng the 

23S^r^"SS?i oe evident in infusion 

systems operating at a low flow rate. 
10 . .^ oe fnr in-line warming strongly 

^M^tSTer&'S. «-« container with the 

infusion device. 

,5 nh- jact of t he Invention 

T „e blood warmer of the P^^^fthe pritr art 
overcome the M°?™^* * n *J™^Z apparatus which 
fluid warming devices by P r °^ a Xsiologic fluid to the 

The object of the present invention ± t0 & overcome^ 

disadvantages and ^"^e^cal (and potentially 

25 devices, by avoiding the us pf «^rica ti the 

dangerous) conductors to he w f th ™ mecha nical moving parts 
need of additional f luxds, wit ^ u altering the 

such as pumps, and " ltho ^ .^t^e while warming the 
flexibility of the adm xnx^ terx ng tube w n controllable 

30 liquid flowing in the tube in an y 

manner . 

Disclosure of the Inve ntion 

according to the invention, 

toTp^tienf as^a "m e ed h Jn claim 1. 

Further advantageous characteristics of the invention 
40 are recited in the dependent claims. 

'■ftr^f Oesctir""" " f the D rawi "9 s . 

,„n will now be disclosed with reference to 
45 the S^SS^S. mustrating preferred but non- 
Smiting embodiments thereof, xn which. 

Fiq 1 generally, illustrates a first embodiment of the 
50 system according to the invention; 
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Fig. 2a shows an enlarged detail in cross section of 
the coupler of Fig. 1; 

Fig. 2b shows an enlarged detail in cross section 
5 along line II-II of the flexible tube of Fig. 2; 

Fig. 3 generally illustrates a second embodiment of 
the system according to the invention; 

10 Fig. 4 is an enlarged cross section view of the energy 

converter and heat exchanger used in the heating system 
shown in Fig. 3; 

Fig. 5 generally illustrates a third embodiment of the 
15 system according to the invention. 

Throughout all the Figures the same references have 
been used for indicating equal or functionally equivalent 
components. 
20 ^ 

Detailed description of preferred embodiments 

With reference to Figures 1, 2a and 2b, there is 
shown a system for in-line, heating of medical fluids 

25 according to the invention, the fluid to be infused being 
disposed in a suitable container 2, such as a bag-like 
receptacle or a bottle of an intravenous or parenteral 
fluid such as whole blood and the like that is . suspended 
from a pole 3. At least a flexible tube or supply conduit 4 

30 connects the container 2 to any suitable infusion device, 
such as a needle 5 or the like for infusing the fluid into 
a patient at the proper rate. A short length of flexible 
tube 4a provided with a dripping member 4b is connected to 
the container 2 . Other conventional and known components 

35 have not been illustrated for simplicity sake. 

The system further comprises an infrared light source 
10, located in a housing 11, fed through a cable 13 and 
connectable through a first optical cable 7 to a second 

40 optical cable 8 incorporated in a length of the flexible 
tube 4, for* example located inside the flexible tube, as 
better shown in Figures 2a and 2b. The optical fiber 8 
extends for at least a portion of the flexible tube 4. The 
optical cable 7 can be connected to the optical cable 8 

45 through an optical coupler 9 of known type as shown in Fig. 
2a. The bag 2 is connected to the coupler 9 through the 
short tube 4a. 

In the invention embodiment shown in Fig. 1, each of 
50 the optical cables 7 and 8 comprises a single optical 
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,,: hp understood that the term "optical 
fiber, but it is to be under sto Qf Qne or more 

cable" generally refers to a infrared radiation, 

optical fibers adapte t ^{W^ for first (7 ) and 
More generally, the inwitiw P radiati on, and such 

5 second (8) guide mean ^ f onstruction , sucn as for 

means can have any sultabi u e bu ^ ar or elongated wave guide 
SS^i ^ e ne S r tr sSrface 0f reflectLg or anyhow propagating a 
fraction of the infrared radiation. 

10 n a enil rre 10 can be any source of infrared 

The infrared source lu can y or a 

radiation emitting the required power such ^ Qf 

laser device. However any s«. table comprised 

15 S5S?2 ^ Woo'-S?^ - eligible for source 
10. 

Optical cable 7 is selected so - t^tr^t^t^f 
the infrared radiation- being ^cted from t ^ & 

20 on the other hand the f c ° c ^ s ^ e ^i e dispersion of the 
wave guide allowing a ~ n ^^p rov i d Sd with an outer 
propagating radiation and is ™rtner P tQ the 

coa?ing 13 of a ^ at go £ L at induct ibility . 

infrared radiation and has , a 9 apply , in g. - over the 

25 Preferably such coating is realised b y ^y ^ & ^ 

outer fiber cover - a thin t sne disclosed arrangement 
material with a proper J££ x '™ xt „- that converts the 
works as a distributed energy converter gressi vely 

incoming t ^f luJfto be" infused P and flowing 

30 Xrough^1le e x X Sle g tube 4. 

^ * further embodiment of, the invention 

" ^V^'re^ the heat alon, the whole 

inner surface of the flexible tube.. 

In th e e^bodieent of the warnan 9 system ^S^tS 
40 Fig. 3, the "^^^lusfon dlvice 5 is divided in two 

ssar se^s 12 .2 -SSS sw , » 11 5srs 

ffiS SS^to-SJ^S^-'or fiber 3, fro. the 
45 IR source 10. 

Rs better shown in ^•\ 0 *%£«?JL'T&« 38 
tu bu!ar or cyUndrical housrn^^prov^e ^ 31 

» Tn t a o n rnexfble^tube 3,, respectively. 


WO 01/56638 


6 


PCT/EPOO/00804 


Inside the cylindrical housing 40 there is disposed a 
cylindrical member or sleeve 30 closed at one end and 
forming an inner (cylindrical) chamber 35. Between the 
cylindrical member 33 and the cylindrical housing 40 there 
5 is defined an outer chamber 36 in which flows the 
physiological liquid, from inlet 38 to outlet 39. 

The sleeve 30 is of a material opaque to the infrared 
radiation and having a good heat conductibility, such as 
10 for example aluminum or a properly filled plastic material. 
The outer surface of the cylindrical member 30 is provided 
with a helical projecting rib 32, or with fins or other 
components adapted to disperse the heat and warm the 
physiological liquid flowing along the outer chamber. 

The optical fiber 37, suitably terminated if 
necessary, is inserted into the inner chamber 35 through a 
connector 22 in such a way as to disperse the conveyed 
radiation outside of the fiber so that it impinges the 

20 inside of sleeve . Since member 30 is of a material opaque 
to the infrared radiation, this latter absorbs the IR 
radiation and is heated by it. Since member 30 is further 
heat conductive, its temperature is raised and through the 
projections 32 the liquid flowing in the outer chamber 36 

25 is warmed at the desired temperature. 

In the embodiment illustrated in Fig. 5 the IR~heat 
converting and heat exchanging device 23 is located near 
the needle 5, in particular the needle 5 is connected by a 
30 short length 25 of flexible tube to the device 23. The 
flexible tube 21 from the container 2 is connected to the 
device 23 as already illustrated with reference to Fig. 4. 
This embodiment of the invention is preferred with low flow 
- rates of fluid since this latter is warmed very near to the 
35 needle, reducing the heat losses. 

Preferably, in the embodiments of Figures 3-5 the 
container 2, the flexible tubes 4, 31, 34, 21, 25 and the 
devices 23, 33 are disposable, and in the embodiment of 
40 . Fig. 1 also the optical fiber (s)' 8 is (are) disposable. 
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Industria l Applicability 

The invention applies to the manufacturing of devices 
or systems for warming a physiologic or. mescal fluid while 
5 the- fluid is being infused into a patient. 
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CLAIMS 

1. A system for in-line warming of medical fluids being 
supplied to a patient comprising, 

5 

- a container (2) of said medical fluid to be infused into 
a patient; 

- a flexible supply conduit (4; 31, 34; 21; 25) connected 
10 to said container (2) and terminating at one end with an 

infusion device (5); 

- an infrared light source (10) connected at one end of a 
first guide means (7; 37) adapted to propagate the infrared 

15 radiation emitted by said source (10); 

- distributed converting means , and heat exchanging (8; 38; 
33; 23) connected to the other end of said first guide 
means (7; 37) receiving the IR power from said source (10) 

20 and converting it into heat, and progressively transferring 
said heat to the fluid to be infused flowing along said 
flexible tube (4; 31, 34; 21) to warm it. 

•3 

2. A system according to claim 1, characterised in 
25 that said first guide means (7; 37) comprise an optical 

fiber cable comprising at least one optical fiber. 

3. A system according to claim 1 or 2, characterised 
in that said distributed converting means comprises an 

30 optical fiber (8) allowing a considerable dispersion of the 
propagating radiation, and covered by an outer coating (13) 
of a material that is both opaque to the infrared radiation 
and has a good heat conductibility, said optical fiber (8) 
being, located inside said flexible supply conduit (4) and 

35 extending for a length thereof. 

4. A system according to claim 3, characterised in 
that said optical fiber (8) is connected to said first 
optical cable (7) through an optical coupler (9) . 

40 

5. A system according to claim 1 or 2, characterised 
in that said distributed converting means and distributed 
heat exchanging means are realised as a device (33; 23) 
comprising an inner chamber (35) of a material opaque to 

45 the infrared radiation, and a surrounding outer chamber 
(36) in which flows the physiological liquid, and in heat 
exchange relationship with said inner chamber, said optical 
fiber (37) terminating in said inner chamber (35) in such a 
way that this latter is heated by the incoming IR radiation 
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whereby the liquid flowing in the outer chafer .36) is 
warmed. 

«■ * -^z^rm cogues ^r^: 

and having a good ■ ^.^^f^LdT with projections 
said cylindrical ">«^er bei ng pr ov ^ ^ ^ 

7. A syste* according to cUi. , 6 ■J^*^™ 
that said cylindrical membe (SO) as d f ^ an 

WeJMST^POrtlcn. ,31. 34, of said 
flexible tube. 
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